Greenhouse thrips (Heliothrips haemorrhoidalis Bouché) (Thysanoptera: Thripidae) damage citrus, avocados and ornamental plants in New Zealand. A larval parasitoid, Thripobius semiluteus Boucek (Hymenoptera: Eulophidae) has been imported into quarantine from California. Preimaginal development times varied considerably between T. semiluteus and its host greenhouse thrips at 23°C, with times of 21.7 days and 37.7 days respectively. T. semiluteus adults survived an average of 2.9 days and laid an average of 20.3 eggs per female with most being laid on the second day. T. semiluteus has a lower net reproductive rate than greenhouse thrips (13.9 and 44.7 respectively) although the faster generation time of T. semiluteus results in a higher intrinsic rate of increase (0.1101 and 0.0526 respectively). These results suggest that T. semiluteus has the potential to reduce population levels of greenhouse thrips if released into New Zealand.
INTRODUCTION
Greenhouse thrips (Heliothrips haemorrhoidalis Bouché) (Thysanoptera: Thripidae) were first recorded in New Zealand in the 1930s. They are abundant throughout the North Island, and can be found outdoors as far south as Nelson in the South Island (Mound and Walker 1982) . They are a serious pest of citrus, avocados and a wide range of ornamentals. Fresh damage appears as silvered or bronzed areas with faecal spots and older damage on fruit shows as brown scaling, which can drop off leaving smooth silver scars (Holt 1989) .
There are no records of any parasitoids attacking greenhouse thrips in New Zealand and the few recorded predators appear to have little impact on population levels of greenhouse thrips (Mound and Walker 1982; D. Steven unpubl. data; Lewis 1973; Miller 1971) . Research carried out in Australia (Beattie and Jiang 1990 ) and the USA (McMurtry et al. 1991) indicates that the best candidate for biological control of greenhouse thrips in New Zealand is the eulophid parasitoid Thripobius semiluteus Boucek (Hymenoptera: Eulophidae). T. semiluteus was imported from California, USA, and is currently housed in the HortResearch insect quarantine facility at Mt. Albert (Froud et al. 1996) .
Knowledge of the development rate and life history of a parasitoid can be used, along with other developmental parameters such as fecundity and longevity, to estimate the potential impact of the parasitoid on host populations (Martin et al. 1989; Bernal and González 1993) . This paper describes the developmental biology and some life table parameters of T. semiluteus, compared with greenhouse thrips.
METHODS
Greenhouse thrips larvae were obtained from colonies reared on unripe lemons as described in Froud (1997) . All experiments were carried out at a constant temperature of 23ºC (± 2°C) and a photoperiod of L:D 16:8.
Preimaginal development
T. semiluteus: Five inexperienced T. semiluteus adults (24-48 hours old) were held in a parasitising container (five replicates) as described in Froud et al. (1996) . Fifty first instar greenhouse thrips on an unripe lemon were placed into each parasitising container for 24 hours. The number of days between oviposition and formation of parasitoid pupae was recorded. Pupae were placed into small 50 mm x 9 mm petri dishes (Falcon 1006) and the number of days until adult emergence and pupal mortality was recorded.
Greenhouse thrips: Five adult thrips were placed into 21 mm diameter ventilated cages on unripe lemons and left to oviposit (25 replicates). After 24 hours, the adults were removed and the cages checked daily for developing thrips. The development time from egg to adult and larval mortality was recorded.
T. semiluteus fecundity and longevity
Ten T. semiluteus adults were collected within 24 hours of emergence and placed singly into separate parasitising containers. Each adult was provided with 20 first instar greenhouse thrips on a lemon, which was replaced daily with 20 fresh larvae until the parasitoid died. The larvae from each day were held in separate ventilated containers. The number of parasitised larvae in each container were counted and the parasitoid pupae were collected and held in petri dishes (Falcon 1006) until emergence. The number of days until adult emergence and pupal mortality was recorded.
Adult longevity was calculated for T. semiluteus by placing 24 freshly emerged T. semiluteus adults (0-24 hours old) into the large parasitising container with hosts. The number of dead parasitoids were recorded daily until all adults had died.
Calculation of life table parameters
The net reproductive rates (R 0 ) of T. semiluteus and greenhouse thrips were determined using the following equation (Krebs 1978) : R 0 = Σ 0 × l x m x Where l x = proportion of population surviving to age x and m x = number female offspring per female aged x per day.
The intrinsic rate of increase (r c ) of T. semiluteus and greenhouse thrips was estimated from the following equation (Krebs 1978) : r c = log e (R 0 ) / T Where T = mean generation time (the mean period elapsing between the birth of parents and the birth of offspring) and r c = capacity for increase.
The values for greenhouse thrips were calculated from Rivnay's (1935) data obtained from thrips reared at 23°C on lemon stems in conjunction with the development rates given here.
Statistical analysis
Fecundity data were analysed for significant differences using ANOVA. Following a significant ANOVA, treatments were compared using Fisher's Least Significant Difference test. Data were analysed using the computer program SAS (SAS Institute Inc. 1985) . Percentages were angular transformed before analysis, although untransformed data are presented in the table.
RESULTS

Preimaginal development
The preimaginal development time for T. semiluteus was 16 days shorter than greenhouse thrips (Table 1) .
T. semiluteus fecundity and longevity
T. semiluteus adults survived a mean of 2.9 days (± 0.13 SE). Rivnay (1935) found that greenhouse thrips adults survived a mean of 69 days. The mean realised fecundity ofT. semiluteus during its life was 20.3 (± 3.4 SE) larvae parasitised. Significantly more hosts were parasitised on the second day (P<0.05), but there was no significant difference in number of hosts parasitised on the first, third and fourth day (Table 2 ). There was no significant difference in the emergence success of parasitoids resulting from different aged females (P>0.05) ( Table 2) . 
Life table parameters
Under these conditions, the net reproductive rate (R o ) of T. semiluteus was 13.9-fold per generation and the intrinsic rate of increase for this species was 0.1101 individuals per individual per day. The longevity and fecundity data presented by Rivnay (1935) for greenhouse thrips was used in combination with the preimaginal development data given here to calculate the life table parameters. The net reproductive rate of greenhouse thrips was 44.7-fold per generation and the intrinsic rate of increase (r c ) was 0.0526 individuals per individual per day (Table 3) . Rivnay's (1935) data
DISCUSSION
The mean preimaginal development time of T. semiluteus of 21.7 days was slightly shorter than that given by McMurtry et al. (1991) of 23.6 days (at 23°C). The greenhouse thrips preimaginal development rate of 37.7 days was slightly longer than that given by Rivnay (1935) as 36 days (23°C). The preimaginal development period of T. semiluteus was 16 days shorter than greenhouse thrips.
Although the net reproductive rate of greenhouse thrips (44.7) was greater than that for T. semiluteus (13.9), the generation time for this parasitoid was much shorter (Table  3) . When these two parameters were combined to provide an estimate of the intrinsic rate of increase, the r m for T. semiluteus was more than twice that of its host. Several factors may influence the ability of a parasitoid to reduce host populations in the field. Any r m value calculated from laboratory experiments is of use only as an indicator of the potential of a parasitoid. These data indicate that T. semiluteus has the potential to control greenhouse thrips in New Zealand if released, particularly as first and second instar larvae of greenhouse thrips are present all year round in Auckland (Froud 1997) . This is supported by research in California where T. semiluteus was released in 1986. Subsequent field surveys in California have shown that reductions in thrips populations coincided with increasing levels of parasitism (up to 60%) by T. semiluteus (McMurtry et al. 1991) . Post release research on T. semiluteus can use these parameters in models to estimate the response of greenhouse thrips to parasitism by T. semiluteus.
